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(54) Apparatus for mixing air and fuel in an internal combustion engine 



(57) An apparatus for mixing air and fuel in an inter- 
nal combustion engine comprises at least two throttle 
bodies (2a, 2b) having an inlet (3) and an outlet (4) and 
at least two air chokes (8), each located at the inlet of 
one of the throttle bodies (2a. 2b) and coaxial with the 
throttle body (2a : 2b). Each air choke (8) has a portion 
(9) that is fixed and a portion (10) that moves coaxially 
relative to the fixed portion (9) between a first position 



in which the air choke (8) presents a first height (L1 ) and 
a second position in which the air choke (8) presents a 
second height (L2) that is greater than the first height 
(L1 ). The apparatus further comprises at least two inde- 
pendent actuators (13) each moving one of the mobile 
portions (10) between the first and second positions, 
and at least two fuel injectors (11 ) located above the air 
chokes (8). 
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Description 

[0001] The present invention relates to apparatus for 
mixing air and fuel in an internal combustion engine. 
[0002] It is known that the fuel for an internal combus- 
tion engine must be atomised and mixed with air in order 
to enable combustion to occur inside the cylinder. 
[0003] In petrol engines, the air and fuel are usually 
mixed before they enter the combustion chamber by a 
carburettor or by an injector connected to a throttle body. 
[0004] In certain types of apparatus for mixing air and 
fuel known to prior art., a throttle body has at its intake 
end a tapered pipe known in engine jargon as air choke 
or funnel. The air choke is designed to convey the air or 
the mixture of air and fuel through the intake pipe with 
the minimum of flow resistance. 

[0005] Close to the inlet of the air choke, there is an 
injector which reduces the liquid fuel to a fine spray and 
enables il to be mixed with the air as the two compo- 
nents travel from the inlet to the combustion chamber. 
[0006] In other apparatus of this type, the height of 
the air choke is variable in accordance with the revolu- 
tions per minute (rpm) at which the engine is running. 
[0007] Indeed, the total length of the intake pipes, that 
is to say, the sum of the part inside the cylinder head 
plus the choke, is an important parameter that consid- 
erably affects volumetric efficiency and hence engine 
power. 

[0008] Each rpm level corresponds to an optimum 
length of the intake pipes, once the other construction 
parameters, such as pipe and valve size and engine tim- 
ing, have been defined. 

[0009] Prior art, for example, patent DE-1 009 429, 
also teaches the use of mechanical, hydraulic or pneu- 
matic mechanisms connected to the crankshaft to vary 
the length of the intake pipes and in particular of the final 
air choke. 

[0010] In this kind of apparatus, the length of the pipes 
depends solely on engine rpm and the air chokes of all 
the cylinders are lengthened or shortened by the same 
amount by the same actuator. 

[0011] The applicant has found that the above de- 
scribed type of apparatus for mixing air and fuel for in- 
ternal combustion engines can be improved in many re- 
spects, especially to optimise engine performance. 
[0012] Indeed, the air and fuel mixing apparatus de- 
scribed above does not allow the air chokes of the dif- 
ferent throttle bodies to bo changed independently of 
each other. 

[0013] This is a disadvantage because not all the cyl- 
inders in an engine work in exactly the same way, es- 
pecially if their configuration is not symmetrical, and 
therefore they should be optimised by using air chokes 
of different lengths. 

[0014] A motorcycle engine, for example, is mounted 
in such a way as to minimise its transversal dimension, 
limiting the width, and hence the frontal cross section, 
of the motorcycle. 



2 

[0015] Thus. Iwo- or four-cylinder V or L engines are 
mounted in such a way that the crankshaft is transversal 
to the longitudinal axis of the motorcycle. In a two-cyl- 
inder engine, one of the cylinders is in front of the other. 

5 The air chokes of the two cylinders therefore open at 
positions where the fluid dynamic conditions are differ- 
ent because the parts of the air box facing the air chokes 
have different shapes and/or are affected by different 
types of aerodynamic flow. 

10 [0016] Moreover, in the apparatus of the type de- 
scribed above, it is not possible to set the optimum 
length of each pipe on the basis of engine operating pa- 
rameters in play at any given moment. 
[0017] The present invention has for an object to pro- 

*5 vide air and fuel mixing apparatus for an internal com- 
bustion engine where the intake pipes of at least two 
cylinders can be varied in length independently of one 
another. 

[0018] Another object of the invention is lo provide an 
20 air and fuel mixing apparatus for an internal combustion 
engine where the length of the intake pipes can be var- 
ied in accordance with a multiplicity of engine operating 
parameters. 

[0019] The invention has for an object in particular to 
25 provide an air and fuel mixing apparatus which is de- 
signed to be mounted in an internal combustion engine 
and which allows the length of each intake pipe to be 
set according to the rpm and opening percentage of the 
butterfly valve at any given moment while the engine is 
30 running. 

[0020] These objects, as well as others that emerge 
from the description below, are accomplished by an air 
and fuel mixing apparatus for an internal combustion en- 
gine as described in the claims below. Preferred embod- 
35 jments of an apparatus according to the invention for 
mixing air and fuel in an internal combustion engine will 
now be described, without restricting the scope of the 
inventive concept, with reference to the accompanying 
drawings in which: 

40 

Figure 1 is a side view of an air and fuel mixing ap- 
paratus designed for an internal combustion engine 
and made according to the present invention; 
Figure 2 is a side view of another embodiment of an 
45 air and fuel mixing apparatus for an internal com- 
bustion engine; 

Figure 3 is a cross section of a throttle body forming 
part of the apparatus illustrated in Figures 1 and 2; 
Figure 4 is a side view, partly in cross section, of yet 
50 another embodiment of the air and fuel mixing ap- 

paratus according to the invention. 

[0021] In the accompanying drawings, the numeral 1 
denotes an apparatus for mixing air and fuel in an inter- 
ns nal combustion chamber. 

[0022] The apparatus 1 comprises at least two throttle 
bodies 2a, 2b, each connected to one of two cylinders 
in an internal combustion engine of conventional type 
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and therefore not illustrated. 
[0023] Each throttle body 2a, 2b has an inlet 3 and an 
outlet 4 and comprises at least one tubular element 5 
that houses a butterfly valve 6 hinged to the tubular el- 
ement 5 between the inlet 3 and the outlet 4. 
[0024] The butterfly valve 6 is used to vary the section 
of the air passage of the tubular element 5 and is con- 
trolled by appropriate means 7. 

[0025] The outlet 4 of each throttle body 2a ; 2b is in 
fluid communication with the cylinder intake pipe. 
[0026] Each throttle body 2a, 2b has an air choke 8 
mounted coaxially with the throttle body 2a, 2b itself on 
its inlet 3. The air choke 8 consists of a tapered pipe 
whose cross section at the inlet end 8a is larger than the 
section of the air passage of the tubular element 5 and 
whose outlet end 8b is connected to the tubular element 
5 itself. 

[0027] The air choke 8 comprises a first portion 9 and 
second portion 1 0 that are coaxial with each other. The 
first portion 9 is fixed to the throttle body 2a, 2b whilst 
the second portion 10 slides coaxially on the fixed por- 
tion 9 between a first position in which the air choke 8 
presents a first height Lt and a second position in which 
the air choke 8 presents a second height L2 that is great- 
er than the first height L1 . 

[0028] In a first embodiment illustrated in Figure 3, the 
mobile second portion 10 of the air choke 8 is mounted 
inside the fixed first portion 9. This embodiment keeps 
the outer dimensions substantially the same as those of 
fixed length versions. 

[0029] Alternatively, in another embodiment which is 
not Illustrated, the mobile second portion 10 of the air 
choke 8 is mounted outside the first portion 9 so as to 
increase the length of the stroke without interfering with 
the butterfly valve 6 during relative movements. 
[0030] This embodiment is particularly useful when 
the height of the mobile portion 10 is substantially the 
same as the height of the fixed portion 9 so as to be able 
to extend the choke 8 as much as possible. Thus, in the 
position corresponding to the smallest height L1 , where 
the mobile portion 1 0 is fully retracted, this embodiment 
guarantees that there is no interference with the butterfly 
valve 6. 

[0031] The apparatus 1 further comprises at least one 
injector 11 fitted above each air choke 8, designed to 
spray the fuel close to the inlet 8a of the air choke 8 in 
such a way that the fuel is mixed with the air that is 
sucked into the cylinder through the throttle body 2a 5 2b. 
[0032] Advantageously, each injector 11 is positioned 
on the longitudinal axis X of the throttle body 2a, 2b and 
of the air choke 8, so that the fuel is injected along an 
axis that is as far as possible from the walls of the air 
choke 8, thus preventing the particles of fuel from being 
deposited on them. In the embodiment illustrated in Fig- 
ure 1, each injector 11 is mounted on a frame 12 that is 
integral with the throttle body 2a, 2b and with the fixed 
portion 9 of the air choke 8. Thus, the distance between 
the injector 11 and the air choke 8 varies with the length 
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of the air choke 8 itself. Alternatively, the injector 11 is 
linked to and moves with the mobile portion of the air 
choke 8. for example by mounting it. as shown in Figure 
2. on a frame attached to the mobile portion 10 so that 
5 the distance between injector and air choke remain con- 
stant. 

[0033] Each throttle body 2a ; 2b further comprises an 
actuator 13 designed to move the mobile portion 10 of 
the corresponding air choke 8 independently of the mo- 

10 bile portions 10 of the other chokes 8. 

[0034] Advantageously the actuator 13 is controlled 
by an electronic control unit 14 connected to the actua- 
tors 13 and designed to control the actuators 13 inde- 
pendently in accordance with respective maps stored in 

'5 it. 

[0035] Thus, a portion of the control unit 14 memory 
is used to store the positions of the mobile portions 10 
of the air chokes 8 at characteristic points of engine op- 
eration. 

20 [0036] For example, for any given rpm interval in the 
full range of engine operation, for any given interval of 
butterfly valve opening percentage and for any cylinder, 
the control unit 14 has stored in its memory a defined 
length for the choke 8 and can drive the corresponding 

25 actuator 13 to adjust the length of the air choke 8 ac- 
cordingly when the rpm and butterfly opening percent- 
age values fall within these intervals during engine op- 
eration. 

[0037] Thus, each of the mobile portions 1 0 can move 
30 to a plurality of intermediate positions between the first 
and second positions and corresponding to the stored 
values. 

[0038] Advantageously, the control unit 14 also con- 
trols the engine ignition and injection parameters. Its 
35 memory therefore contains a map for ignition, a map for 
injection and a map for the lengths of the air chokes 8, 
obviously for each cylinder. 

[0039] The air chokes 8 and the injectors 11 are 
housed preferably in a chamber 1 5 formed within a con- 

^0 tainer 1 6, usually called air box, having at least one inlet 
17 through which air flows in through a pipe 18 which, 
at least at the part of it near the inlet, is oriented in the 
direction in which the vehicle where the engine is mount- 
ed is travelling. 

45 [0040] When the vehicle is moving, the container 16 
increases air pressure, or prevents a vacuum from form- 
ing, close to the air chokes 8. II does this by using the 
dynamic pressure of the air flowing in through the pipe 
inlet 17. 

so [0041] Advantageously, in another embodiment illus- 
trated in Figure 4, the injectors 11 are mounted on the 
container 1 6 in holes 1 9 made in the container 1 6 itself. 
[0042] The nozzle of each injector 11 permanently 
faces the inside of the chamber 15 and lies on the same 

55 axis as the corresponding air choke 8. The body of the 
injector 1 1 is positioned inside the hole 1 9 and thus seals 
it. This solution improves the air flow for engine intake 
because the absence of parts for mounting the injectors. 



EP 1 293 653 A1 



BNSDOCID: <EP 1293653A 1_l_> 



3 



i 



5 

Furthermore, when the injectors 11 have to be changed 
or for other maintenance purposes, they can be ac- 
cessed directly from outside the container 16 without 
having to open the container 16. 

[0043] The present invention achieves important ad- 5 
vantages. 

[0044] First of all. the air and fuel mixing apparatus 
for an internal combustion engine according to the in- 
vention optimises the performance of each cylinder by 
operating separately on the length of each air choke. io 
[0045] Further the apparatus according to the inven- 
tion optimises the performance of each cylinder accord- 
ing to the instantaneous operating conditions of the en- 
gine. 

[0046] Thus, the electronic control of air choke length 
permits selection of the optimum length for different 
ranges of engine rpm and butterfly valve opening per- 
centage. 

[0047] Moreover, the special design of the air box en- 
sures quick and easy access to the injectors, thus great- 20 
ly facilitating maintenance operations. 



Claims 

25 

1. An apparatus for mixing air and fuel in an internal 
combustion engine comprising: 

at least two throttle bodies (2a, 2b) each having 
an inlet (3) and an outlet (4); the outlet of each 30 
throttle body (2a, 2b) being in fluid communica- 
tion with an intake pipe connected with an en- 
gine cylinder; 

at least two air chokes (8), each mounted at the 
inlet of a throttle body (2a, 2b) in such a way 35 
that it is coaxial with the throttle body (2a, 2b); 
each of the air chokes (8) comprising a fixed 
portion (9) and a mobile portion (10) that moves 
coaxially relative to the fixed portion (9) be- 
tween a first position in which the air choke (8) 40 
presents a first height (L1) and a second posi- 
tion in which the air choke (8) presents a sec- 
ond height (L2) that is greater than the first 
height (L1); 

at least two fuel injectors (11), each positioned *s 
above one of the air chokes (8); the apparatus 
being characterised in that it further compris- 
es at least two separate ^tuators (1 3) each de- 
signed to move one of \he mobile portions (10) 
between the first and second positions. 50 

2. The apparatus according to claim 1 , characterised 
in that it further comprises an electronic control unit 
(14) connected to the actuators (13) and designed 

to control each actuator (13) independently in ac- 55 
cordance with respective maps stored in the control 
unit (14). 
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3. The apparatus according to claim 1 or 2 : charac- 
terised in that the mobile portion (10) of the air 
choke (8) is mounted on the inside of the fixed por- 
tion (9). 

4. The apparatus according to claim 1 or 2 : charac- 
terised in that the mobile portion (10) of the air . 
choke (8) is mounted on the outside of the fixed por- 
tion (9). 

5. The apparatus according to any of the foregoing 
claims, characterised in that each of the mobile 
portions (1 0) can move to a plurality of intermediate 
positions between the first and second positions. 

6. The apparatus according to any of the foregoing 
claims, characterised in that each injector (11) is 
integral with the mobile portion (10) of the corre- 
sponding airchoke (8) lo keep the distance from the 
air choke (8) constant when the mobile poition (1 0) 
moves. 

7. The apparatus according to any of the foregoing 
claims, characterised in that each injector (11) is 
integral with the fixed portion (9) of the correspond- 
ing air choke (8) to vary the dista,.ce from the air 
choke (8) when the mobile portion (10) moves. 

8. The apparatus according to any of the foregoing 
claims, characterised in that it further comprises 
a container (1 6) forming a chamber (15) that houses 
the air chokes (8); the injectors (11) being mounted 
on the container (1 6) in such a way as to face the 
chamber (15). 
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